Background. Physical examination (PE) of arteriovenous fistulae (AVF) has recently emerged as an important element in the detection of stenotic lesions. This study examines the accuracy of PE in the assessment of AVF dysfunction by non-interventionalists in comparison with angiography.
Introduction
Arteriovenous fistula (AVF) dysfunction is a common major problem in haemodialysis units. The European Renal Best Practice (ERBP) and Kidney Disease Outcomes Quality Initiative (K/DOQI) guidelines [1, 2] have therefore recommended a programme for the detection of stenosis and its subsequent correction in an attempt to reduce the occurrence of thrombosis. AVF stenosis and thrombosis are in fact the most common causes of access dysfunction, and there have been extensive investigations to identify the best methods for detecting accesses at risk [3] [4] [5] [6] [7] [8] [9] . Several diagnostic procedures have been recommended for vascular access surveillance, including blood flow, intra-access static pressure and access recirculation [1, 2] . However, these procedures are time consuming and costly. Physical examination (PE) of AVFs performed by trained physicians has recently emerged as an important element in the assessment of stenotic lesions [8, [10] [11] [12] [13] [14] [15] . However, there are no studies reporting the accuracy of PE in the diagnosis of AVF dysfunction when performed by dialysis staff to our knowledge. We therefore designed this study to determine the accuracy of PE by general nephrologists in the assessment of AVF dysfunction in comparison with angiography. The study also evaluated the agreement between PE of dysfunctional AVFs performed by a trained nephrology resident and angiography.
Materials and methods
Hospital São João is a tertiary-care University Hospital that carries out interventional procedures in patients on regular haemodialysis referred from other hospitals and satellite haemodialysis units. The patients treated in these haemodialysis units are monitored for clinical signs of access dysfunction by the nephrologists treating them. Patients are referred for diagnostic angiography and/or angioplasty as appropriate, on the basis of clinical signs of vascular access dysfunction.
We analysed a database of a prospective observational study conducted in a population of 177 haemodialysis patients consecutively referred to our centre by general nephrologists for angioplasty, between November 2009 and July 2010. Eleven referring general nephrologists without specific training on AVF PE and angiography completed a form reporting the PE findings regarding their patients' AVFs. This information was recorded and placed in a sealed envelope. Before the angiography procedure was carried out, a nephrology resident with 6 months training in vascular access PE and angiography performed a PE in all the cases, unaware of the general nephrologists' PE findings. Angiography examination of the AVFs was performed in our hospital centre by an interventionalist, blind to both the general nephrologists' and the nephrology resident's reports. The study was limited to interventions involving autogenous AVFs. This investigation was reviewed and approved by the Hospital São João Institutional Review Board.
Procedures
Angiography examination. Angiography was defined as the gold standard examination for diagnosis of AVF dysfunction. Angiography was performed to evaluate the AVF from the feeding artery to the right atrium (Mobile C-arm BV Pulsera; Philips Medical Systems, Eindhoven, The Netherlands). AVF dysfunction was classified into four major disorders: inflow stenosis, outflow stenosis, co-existing inflow-outflow stenosis and AVF thrombosis. The inflow segment was defined as the feeding artery, anastomosis and the juxta-anastomosis area (first few centimetres of the fistula). Outflow was defined as the entire segment from the juxta-anastomosis area to the right atrium. Stenosis was defined as 50% luminal narrowing compared to the normal vascular segment located adjacent to the stenosis according to K/DOQI [2] . Thrombosis of the AVF was ascertained according to the presence of clots in the arterial and/or venous sides of the AVF. Clinical criteria of access dysfunction prompting angiography were applied according to the K/DOQI [2] .
Physical examination. Pulse abnormalities and thrill were used as the main PE tools for the diagnosis of AVF dysfunction [11, 12] . In addition, inspection of the arm, chest, neck and face, palpation of the entire AVF tract, arm elevation and pulse augmentation tests were considered important to detect the cause of AVF dysfunction. Pulse augmentation consists of the complete occlusion of the access several centimetres beyond the arterial anastomosis and evaluation of the strength of the pulse. The test is considered normal when the portion of fistula upstream from the occluding finger demonstrates augmentation of pulse [12] . The arm elevation test consists of the elevation of the extremity with the fistula and examination of the normal collapse of the access [12] . The test is considered normal when the fistula collapses after arm elevation. The diagnostic elements of the PE are reported in Table 1 .
Statistical analysis
Diagnostic variables for both the PE and angiography were dichotomous (presence or absence of the lesion). The general nephrologists were considered to be a homogeneous population since none of them had received specific training in AVF PE and angiography. Accuracy, sensitivity, specificity and predictive positive and negative values were measured in relation to angiography as the gold standard method. Cohen's j value was used as a measurement of the level of agreement beyond chance between the diagnoses made by PE and angiography. j values range from 0 to 1.0, with zero indicating no agreement beyond chance and 1.0 denoting perfect agreement. j values between 0 to 0.20 and 0.21 to 0.40 confer a poor and a fair agreement beyond chance, respectively; those between 0.41 to 0.60 and 0.61 to 0.80 a moderate and a substantial agreement; and those exceeding 0.80 a near-perfect agreement [16] . All statistical analyses were performed using SPSS software, version 11 (SPSS, Chicago, IL).
Results
One hundred (56%) patients were male. The mean age was 64 AE 13 years. Eighty-four (48%) AVFs were located in the forearm (82 radio-cephalic AVFs and 2 ulnar-basilic AVFs) and 93 (52%) were located in the upper arm (70 brachio-cephalic AVFs and 23 brachio-basilic AVFs). Inflow and outflow stenoses were the most common types of disorder (37 and 28%, respectively). Co-existing inflowoutflow stenosis and AVF thrombosis were present in 14 and 21% of the patients, respectively. In forearm AVFs, inflow stenosis was the most common type of disorder, whereas outflow stenosis was the most frequent one in upper-arm AVFs (50 and 38%, respectively).
The accuracy of PE by the general nephrologists in the detection of inflow, outflow, co-existing inflow-outflow stenosis and AVF thrombosis was 77, 83, 85 and 81%, respectively ( Table 2 ). The sensitivity and specificity were 57 and 89% for inflow stenosis, 80 and 84% for outflow stenosis, 12 and 97% for co-existing inflow-outflow stenosis and 86 and 79% for AVF thrombosis, respectively (Table 2 ). There was a moderate agreement beyond chance between PE by general nephrologists and angiography for the assessment of AVF dysfunction (j ¼ 0.49, 95% CI 0.40-0.57; Table 3 ). More specifically, there was a moderate agreement between PE and angiography in the diagnosis of AVF inflow and outflow stenosis and AVF thrombosis (j ¼ 0.49, 95% CI 0.34-0.64; j ¼ 0.58, 95% CI 0.44-0.73; j ¼ 0.52, 95% CI 0.38-0.65, respectively; Table 2 . Diagnostic accuracy of PE in the detection of AVF dysfunction by general nephrologists (GNs) and nephrology resident (NR) Table 3 ) and a poor agreement between PE and angiography in the diagnosis of co-existing inflow-outfllow stenosis (j ¼ 0.14, 95% CI 0.02-0.26; Table 3 ). Analysis of the forearm and upper-arm AVF findings revealed a fair-tomoderate agreement between the PE and angiography for the assessment of dysfunctional forearm and upper-arm AVFs, respectively (j ¼ 0.34, 95% CI 0.19-0.41 versus j ¼ 0.60, 95% CI 0.51-0.71; Table 4 ). The accuracy of PE by the trained nephrology resident for the detection of inflow, outflow, co-existing inflowoutflow stenosis and AVF thrombosis was 92, 97, 92 and 99%, respectively ( Table 2 ). The sensitivity and specificity were 98 and 88% for inflow stenosis, 96 and 97% for outflow stenosis, 44 and 99% for co-existing inflow-outflow stenosis and 97 and 100% for AVF thrombosis, respectively (Table 2 ). There was a near-perfect agreement beyond chance between PE by the trained nephrology resident and angiography for the assessment of AVF dysfunction (j ¼ 0.86, 95% CI 0.77-0.95; Table 3 ). More specifically, there was a near-perfect agreement between the PE and angiography in the diagnosis of inflow and outflow stenosis and AVF thrombosis (j ¼ 0.84, 95% CI 0.69-0.98; j ¼ 0.92, 95% CI 0.77-1.0; j ¼ 0.98, 95% CI 0.84-1.0, respectively; Table 3 ) and a moderate agreement between PE and angiography in the diagnosis of co-existing inflowoutflow stenosis (j ¼ 0.55, 95% CI 0.42-0.69; Table 3 ). Analysis of the forearm and upper-arm AVFs revealed no significant difference in the level of agreement between PE and angiography (j ¼ 0.82, 95% CI 0.70-0.91 versus j ¼ 0.89, 95% CI 0.78-0.92, respectively; Table 4 ).
Discussion
By comparing PE to the gold standard (angiography), the current study objectively assessed the accuracy of PE when performed by general nephrologists and a trained nephrology resident in the diagnosis of various types of disorder responsible for AVF dysfunction. Our results showed that PE by general nephrologists had a poor-to-moderate accuracy for the assessment of AVF dysfunction. The sensitivity was low for the diagnosis of AVF inflow stenosis, particularly for co-existing inflow-outflow lesions. On the other hand, the sensitivity and specificity of PE performed by general nephrologists were relatively high for the diagnosis of AVF outflow stenosis and AVF thrombosis. These findings are consistent with other recent data suggesting that AVFs with outflow stenosis are easier to assess by PE than AVFs with inflow stenosis [8] . With respect to the accuracy of PE in the hands of a trained nephrology resident, we observed a high level of agreement between PE and angiography for the diagnosis of AVF dysfunction, particularly for inflow and outflow stenosis and AVF thrombosis. Our results agree well with the previous findings by Asif et al. [13] confirming that PE performed by trained physicians is an accurate diagnostic tool for the detection of stenosis in a great majority of dysfunctional AVFs.
With respect to the location of the AVFs, general nephrologists did better with upper-am AVFs compared with forearm AVFs, whereas the trained nephrology resident presented a same level of agreement similar results with both upper-arm and forearm AVFs ( Table 4 ). The discrepancy observed among the general nephrologists may be explained by the fact that outflow stenosis was the most common type of disorder in upper-arm AVF, whereas inflow stenosis was the most frequent one in forearm AVFs.
The value of PE in the detection of AVF stenosis has recently been compared with angiography and Doppler ultrasound [8, [13] [14] [15] . Asif et al. [13] and Campos et al. [15] determined the accuracy of PE in the detection of stenosis in AVFs, with excellent results. However, PE was performed by only one physician with experience in this field. In addition, Campos et al. [15] determined the accuracy of PE in the detection of AVF stenosis in comparison with Doppler ultrasound and Asif et al. [13] with angiography (albeit in a restricted manner because only still images were evaluated). Leon et al. [14] reported a similar accuracy of PE performed by an experienced interventionalist and a trained nephrology fellow (however, the two examiners performed the PE in different populations). Recently, Tessitore et al. [8] reported that the level of agreement of PE in the detection of AVF stenosis was fair-to-moderate among nephrologists with different expertise on vascular access monitoring. Our results agree well with the previous findings of Tessitore et al. [8] and further suggest that the accuracy of PE in the assessment of AVF dysfunction depends on the specific training of the examiner rather than on the cumulative experience in dialysis clinical practice. In addition, by assessing the accuracy of PE performed by general nephrologists in their own daily clinical practice, our study allows us to examine the quality of AVF monitoring in 'real practice in a real world'. The fundamental concept of vascular access monitoring and surveillance is that stenosis develops over varying intervals in the great majority of AVFs and, if detected and corrected in time, maturation can be promoted, underdialysis minimized or avoided and thrombosis avoided or reduced [17, 18] . There are several factors that can suggest the presence of AVF dysfunction, such as low access blood flow, elevated intra-access pressure, unexplained decreases in delivered dialysis dose or access recirculation. However, they do not detect the cause of AVF dysfunction. PE provides a means of access evaluation that incurs no extra cost and is readily available. Moreover, PE provides additional information that is of the utmost importance for the interventionalist since different endovascular approaches are used for AVFs with inflow, outflow, co-existing inflow-outflow problems or AVF thrombosis. Detection of AVF dysfunction therefore requires an accurate diagnosis of its cause.
We are aware that our study has its limitations. This is not a randomized clinical study; the order of the assessors was not random and, for logistic (and cost) reasons, one rater always performed later and this may have introduced a bias. The results obtained by the general nephrologists may have been influenced by the fact that the PE was conducted in their own dialysis patients, and different interpretations of the PE findings used for the evaluation of AVF dysfunction may have occurred. Also, the results of this study apply only to a cohort of dysfunctional AVFs and may not apply to unselected AVF populations. In addition, the analysis did not address any variability in the interpretation of the angiography.
Conclusion
PE of AVFs is non-invasive, incurs no extra cost and may provide an accurate means by which to diagnose AVF dysfunction. However, nephrologists in haemodialysis units may need to improve their skills in performing PE. Theoretical and hands-on training in PE should therefore be provided for nephrologists in-training and for the dialysis staff.
